
tigators have presented pharmacokinetic studies of var
ious MAbs (3,19-24). These reports have shown that
the circulating half-lives for individual antibodies vary
and are dependent upon tissue reactivitiesand the dose
ofMAb administered. The plasma half-life ofone MAb
(17-lA), administered intravenously to colorectal car
cinoma patients, varies from 1 day to 20 days for single
doses ranging from 15 mg to 440 mg (25). Doses
ranging from 0.2 to 20 mg of iodine-l 31- (â€˜@â€˜I)B72.3
have resulted in a circulating T312of â€˜@â€˜3days (21).

The immunoglobulin pharmacokinetics can be influ
enced by a number of other factors. These include the
integrity and immunoreactivity of the MAb, the pres
ence of circulating antigen, and the presence of anti
mouse immunoglobulin antibodies (llAMA). The pres
ence of circulating antigen or HAMA could potentially
result in the formation of immune complexes, either
antigen-antibody or antibody-antibody complexes, and
subsequently prevent effective targeting by binding with
the MAb. Formation of immune complexes may also
lead to altered pharmacokinetics (26,27) and could
result in complications such as immune complex dis
ease or anaphylactoid reactions. Due to this potential,
it is important to analyze patients' sera for the forma
tion of immune complexes, and, to assess the effect of
antigen-antibody or antibody-antibody complexes on
the pharmacokinetics and localization of administered
MAb. The few studies that have addressed the in vivo
fate of MAbs are limited and only cover a 1-2-day
period. In those studies administering radiolabeled
MAb to patients, the pharmacokinetics of the MAb
have been determined by following the radioactivity
associated with the MAb (18â€”19,21,24).Effects of cir
culating antigen on in vivo localization of administered
antibody have been reported for 19-9 (3) and OC-l25
(24,28).

MAb B72.3, an IgG1,(30â€”32),binds to a high mo
lecularweight glycoprotein, termed TAG-72, which has
been shown to have properties of a mucin (33). Using
immunohistochemical, immunocytochemical, and
radioimmunoassay techniques, MAb B72.3 has been
shown to react with over 90% ofcolorectal, gastric, and
ovarian carcinomas and 70% ofbreast carcinomas (31,

RadiolabeledB72.3(anti-TAG-72)hasbeenshownto se
lectively localize metastatic lesions in 70%â€”80%of the
cases. Serum samples from 27 colorectal carcinoma pa
tientswho receivediodine-131-(1311)B72.3by i.v. admin
istrationwere analyzed.Circulatingimmunoreactiveanti
body followed a biphasic clearance pattern. High-perform
ance liquid chromatography (HPLC) and SDS
polyacrylamide gel electrophoresis demonstrated that 1311..
B72.3 retained its integrity in the patients' sera. HPLC
analysisalsodemonstratedthe presenceof immunecom
plexes in the sera of i 2 patients; this correlatedwith
elevated levels of circulatingTAG-72. Severaldifferent
HAMAresponsepatternsweredetectedinthe25patients'
sera that were analyzed; some patients developed HAMA
as early as 5â€”7days post-MAb injection.Higherdoses of
administeredMAbB72.3correlatedwith the development
of HAMA(p = 0.007).The presenceof elevatedlevelsof
TAG-72 in the patients' pre-inoculum serum was shown
to correlatewith the detectionof lesionsby gammascan
ning. Serum TAG-72 may serve as a criteriafor patient
selection for immunodiagnostic or immunotherapeutic pro
cedures using MAb B72.3.

J NucIMed 1990;31:1133â€”1142

adiolabeled rnonoclonal antibodies (MAbs) reac
tive with tumor-associated antigens have been effec
tively utilized in patients for the detection of carcinoma
by gamma camera imaging(1-7). The optimal targeting
of tumor lesions by MAbs for diagnostic or therapeutic
applications requires that the MAb retain its integrity
and immunoreactivity following administration in pa
tients. To date, the majority of clinical, as well as
preclinical, studies have primarily involved radioimag
ing following administration of radiolabeled MAb (1â€”
7) or examinationof therapeuticefficacyof MAbs
either alone (8â€”10)or conjugated with drugs (11,12),
toxins (13,14), or radionuclides (15â€”18).Several inves
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32,34). In previous clinical studies, radiolabeled B72.3,
administered intravenously or intraperitoneally, has
been shown to localize primary and metastatic lesions
ofcolorectal and ovarian carcinoma patients (5â€”6,35â€”
36). Intravenous (i.v.) administration to colorectal car
cinoma patients of â€˜311-B72.3IgG has resulted in local
ization of the MAb in @@-75%of the metastatic lesions
found at various body sites (5,21,35) with @-50%of the
patients being positive by radioimmunoscintigraphy.
Paired-label studies have demonstrated the specificity
of B72.3 localization following i.v. or intraperitoneal
(i.p.) administration (5,6). Studies using an intraoper
ative hand-held gamma detecting probe have demon
stratedthe localization of â€˜25I-B72.3in 83% of primary
and recurrent colorectal cancer lesions in 37 patients
(36).

In this study, we have analyzed the sera from cob
rectal carcinoma patients who have received â€˜31I-B72.3
IgG by i.v. administration. The serum samples were
analyzed for the presence of TAG-72, the amount of
circulating immunoreactive MAb B72.3 IgG, the
amount of radionuclide associated with the MAb, and
the integrity of the radiolabeled B72.3 IgG. The pres
ence and formation of HAMA in the serum and the
formation ofimmune complexes also were investigated.

MATERIALSAND METHODS

Patients
Patients with colorectal carcinomas were selected from

National Cancer Institute Surgery Branch protocols as previ
ouslydetailed(5). The protocolwasapprovedby the Institu
tional Human Research Committee of the National Cancer
Institute, and all patients gave their informed consent. All but
two of the patients had metastatic carcinoma whose primary
lesion had been previously resected. The patients' ages ranged
from 16 to 70 yr (17 males, 10 females). Many ofthe patients
with recurrent and/or metastatic tumor had advanced disease.
Histologic examination revealed that the tumors ranged from
well to poorly differentiated adenocarcinomas and included
mucinous adenocarcinomas and signet ring cell variants.

The patientsreceived â€˜311-labeledB72.3 IgG(i.v.) according
to different dosing schedules as detailed below. Patients (24 of
27) underwentsurgicalexplorationand resectionof tumor 6
to 8 days postinjection of the radiolabeled antibody. Results
of the imaging and surgical studies have been previously
described (5,35).

AntibodyAdministrationand SampleCollection
The generation,characterization,reactivities,as wellas the

purification ofMAb B72.3 have been detailed previously (30â€”
32). The purified IgO was filtered and all end lots were tested
for the presence of Mycoplasma, 12 adventitious viruses and
pyrogens and were negative. End lots were also tested for
sterility and general safety (5,6,21).

B72.3 was labeled with Na'311 using the Iodo-Gen method
(37). Purified IgG (500 @zg)was labeled with @@-5mCi ofNa'311.
The â€˜311-B72.3wasdiluted, vialed,and testedfor pyrogenicity
and sterility as described elsewhere (5,6,21). The immuno

reactivity of the radiolabeled antibody was tested in a solid
phase radioimmunoassay (RIA) (38).

Patients were administered0.16 to 20 mg of MAb with 2â€”
10 mCi of â€˜@â€˜I,by slow i.v. infusion (over 1 hr). None of the
patients demonstrated an adverse reaction during or following
MAb infusion. Blood sampleswere collected5, 30, 60, 120,
and 240 mm after MAb administration and at daily intervals
until surgery and intermittently following surgery. The sera
samples were analyzed for integrity of the radiolabeledanti
body by SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
and gel filtration.The sera samples were also analyzed for the
presence of TAG-72, circulating immunoreactive MAt,, im
mune complexes, and for the presence and development of
HAMA.

High-PerformanceLiquidChromatography
The integrityofthe radiolabeledantibody,prior to admin

istration and in the patients' sera, was examined using high
performance liquid chromatography(HPLC). The analyses
were performed using Spherogel-TSK 2000 SW (0.75 x 30
cm; Beckman Instruments, Inc., Berkeley, CA) and Spherogel
TSK 3000 SW (0.75 x 30 cm) columnsin tandem,equili
brated in 67 mM sodium phosphate containing 100 mM KCI,
pH 6.8. Serum samples(25 @@l)wereappliedand the columns
were run at a flow rate of 0.5 ml/min. The protein was de
tected by absorbanceat 280 nm; fractionswere collectedat
0.5-mm intervals and the radioactivity was measured in a
gamma scintillation counter.

SDS-PolyacrylamideGel Electrophoresis
Patient serum samples containing radiolabeled B72.3 were

analyzed using discontinuous SDS-PAGE according to the
method of Laemmli (39). Samples were analyzed under non
reducing conditions on a gradient gel of3%â€”15%(w/v) acryl
amide (14 x 12.5 x 0.15 cm) and reducing conditions (0.5%
$-mercaptoethanol,3 mm at 100Â°C)usinga gradientgelof 5â€”
20% acrylamide. A stacking gel of 3% acrylamide was used
for both gradient gels. The radiolabeled antibody was visual
ized by autoradiography using Kodak (Rochester, NY) XAR
x-ray film and DuPont (Wilmington, DE) Lightning-Plus
intensifying screens. Films were exposed at â€”70Â°Cfor 1â€”7
days.

Radioimmunoassayfor TAG-72
Thepatients'pre-studyserawereassayedfor levelsofTAG

72usinga solid-phasesandwichRIA(CA72-4RIA,Centocor,
Malvern, PA) (40). TAG-72 levels ofthe serum samples were
calculated from a standard curve and expressed as Units/ml.

Determinationof ImmunoreactiveMAb B72.3
Levels in PatientSera

Retention of B72.3 immunoreactivity in serum was tested
using a solid-phase RIA after a sufficient time was allowed to
elapse for the decay ofthe 31Jto background. Twenty micro
grams [in 50 Mlof phosphate-buffered saline (PBS)] of an
extract from a human breast tumor metastasis (41 ) containing
the TAG-72 antigen was added to each well of 96-well poly
vinylchloride (PVC) microtiter plates and allowed to dry
overnight at 37Â°Cin an unhumidified incubator. The plates
were then treated with 100 @tlof 5% bovine serum albumin
(BSA) in PBS for 1 hr at 37Â°Cto minimize nonspecific
absorption. Serial dilutions of the patients's sera were added

1134 The Journalof NuclearMedicineâ€¢Vol. 31 â€¢No. 7 â€¢July1990



in 50 @zlof 1%BSA in PBS. Following an overnight incubation
at 4Â°C,plates were washed with 1% BSA in PBS and 125I@
labeled goat anti-mouse IgG (75,000 cpm per 25 @d)was added
to each well. The plates were incubated for 1 hr at 37Â°C,
washed and the bound radioactivity detected by counting the
individual wells in a gamma scintillation counter. The amount
of immunoreactive antibody in the serum samples was quan
titated by comparison to a B72.3 IgG standard diluted in
normal human serum.

The Detectionof Anti-Mouselmmunoglobulin
Antibody

All sera were screened for anti-mouse immunoglobulin
antibody (HAMA) using a sandwich solid-phase RIA. One
hundred nanograms of a murine MA!, IgG1 (B6.2) (30) was
coatedon eachwellofa PVCmicrotiterplateand then treated
with 5% BSA in PBS as described above. The BSA was
aspirated and the wells washed once with 0.5 M NaCI in 20
mM sodium phosphate (pH 7.2) with 0.02% NaN3 (wash
buffer). Patients' sera were serially diluted in 1% BSA in PBS
and added to the plates in duplicate (50 @il/well).Following a
20-24-hr incubation at 4Â°C,the wells were rinsed with wash
buffer and â€˜251-B6.2IgG in 1% BSA in PBS (100,000 cpm/50
gil,1.5-5 ng of B6.2 IgG)was added to each well.The plates
were incubated for an additional 20â€”24hr at 4Â°Cand then
rinsed with wash buffer. The bound â€˜251-B6.2was detected by
cutting individual wells and measuring the radioactivity in a
gamma scintillation counter. A positive response was consid
ered to be greater than 2â€”3times the level of the control
normal human serum. Serum positive for HAMA was used
as a control and used as a standard to normalize the interassay
variabilityofthe HAMARIA.

RESULTS

Colorectal carcinoma patients participating in this
study were part of National Cancer Institute Surgery
Branch protocols that examined the efficacy of chemo
therapy following surgical removal of the bulk tumor.
Approximately 7 days prior to surgery, patients were
administered 1311-babeledB72.3 IgG. Serum samples

from each patient were obtained prior to and periodi
cally post-MAb administration.

MAb B72.3 lgG in Patients'Sera
Sera samples of patients injected intravenously with

131I-labeledB72.3 IgO were assessed using a solid-phase
RIA, SDS-PAGE, and HPLC techniques to determine:
(a) the ability of the circulating MAb to bind to its
specific antigen (TAG-72), and; (b) the integrity of the
circulating radiolabeled MAb. The amount of immu
noreactive MM, B72.3 present in patients' serum sam
ples was quantitated using a solid-phase RIA, as de
scnbed in Materials and Methods.

Circulating immunoreactive B72.3 was measured in
19 ofthe 27 patients. In those patients receiving <1 mg
of MAt,, immunoreactive B72.3 was not reliably de
tectable after 24 hr. The titration of B72.3 (Fig. 1) in
serum samples from two patients, who received similar
amounts of MAb (19.24 and 19.7 mg), serves to dem
onstrate the similarities among patients in the phar
macokinetics of B72.3. Serial dilutions of serum sam
ples from Patient PH (Fig. 1A) exhibit a gradual de
crease in the B72.3 titer over the 72 hr period examined.
Sera from Patient CC (Fig. lB) also exhibits a decrease
in the level of immunoreactive B72.3 over time. The
apparent differences in B72.3 titer between patients PH
and CC may be due, in part, to differences in the plasma
volumes of the two patients. When the values are
normalized to the plasma level observed 5 mm post
MAb administration, the pharmacokinetics of the two
patients are similar (see below).

Figure 2 illustratesserum clearance of immunoreac
tive MAb B72.3 from four patients (CC, PH, HF, and
TR) who received the highest doses (17.8â€”19.7mg) of
MAb B72.3. The values are normalized to each patient's
serum drawn at 5 mm postinjection. The amount of
antibody found in the sera follows a biphasic pattern of
clearance. There is an initial equilibration phase with a
rapid removal ofantibody from the sera within the first
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0 FIGURE1
Detection of immunoreactive MAb
B72.3inpatientsera. Serialdilutionsof
serum samples from patient PH (A)
weredrawnat 40 mm(â€¢),24 hr (0),
and 72 hr (@)and from patient CC (B)
at5 mm (0),24hr(â€¢),48hr(0),and
72 hr J) and were reacted with ex
tractsofa humanmammarytumorme
tastasis to the liver that containedthe
TAG-72antigen as described in Mate
nals and Methodsto determinethe
presenceandquantityof immunoreac
tive B72.3. Patients PH and CC re
ceived19.7and 19.24mgof 131I-B72.3,
respectively.

7

6

2@5
â€˜C

0

D
0

a.
C.,

2

5 10 20 50 100200 500 5 10 20 50 100200 500
DILUTION-i

Pharmacokineticsof MAbB72.3â€¢Colcheret aI 1135



B72.3 follows that of the previously determined@
labeled B72.3 (Fig. 2, solid line), suggesting that the
radiolabeled B72.3 can be used to follow the serum
clearance of the circulating immunoreactive antibody.
The pharmacokinetic patterns were similar for the doses
ofB72.3 ranging from 1 (data not shown) to 20 mg and
was independent of whether there was any tumor

0 specific uptake of the radiolabeled MAb.

Serum samples were subjected to SDS-PAGE analy
sis with and without disruption by @-mercaptoethanol
to examine the integrity of the â€œI-labeledB72.3 in
patient scm. Samples up to 5 days postinjection were
analyzed and the â€˜@â€˜Iwas visualized by autoradiogra
phy. Virtually all the radioactivity in the serum is
associated with the IgO molecule (Fig. 3A-B). The
integrity of â€˜31I-labeledB72.3 was also examined by
HPLC analysis at various time points postinjection of
the antibody. Serum samples were applied to size
exclusion columns, as describedin Materialsand Meth
ods, the fractions were collected, and the â€œImeasured.
In all cases, â€œI-B72.3in column buffer and in normal
human serum were used as standards. In the majority
of the serum samples tested, the radioactivity remains
associated with the IgO peak (Fig. 4A).

Analysisof ImmuneComplexesin PatientSera
In serum samples from 12 patients, radioactivitywas

associated with an entity having a higher molecular

60 80
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FIGURE2
Patientserumlevelsof MAbB72.3followingi.v.administra
tion. Serum levels of immunoreactiveMAb B72.3 were de
tectedusinga solid-phaseAlA describedin Materialsand
Methods; HF (0), TA (â€¢),CC (t@ and PH (ti). The patients
received19.24,17.8,19.24,and19.7mg of 131l-B72.3,re
spectively.The percentageof the injecteddose of 1311-B72.3
IgG(sd@dline)is includedfor comparison.

4 hr after antibody administration; this is followed by
a more gradual clearance of the antibody. While there
is a wide range of differences between individual pa
tients, the clearance pattern of the immunoreactive
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FIGURE3
SDS-polyacrylamidegel electrophore
515analysisof 131l-IabeledB72.3 in pa
tientsera.Serumsamples(PatientCC)
wereanalyzedby SDS-polyacrylamide
gel electrophoresisand subjected to
autoradiography. Samples were run
under nonreduclng conditions (A and
C)on a 3Â°k-15%gradientgelandunder
reducing conditions (B and D) on a 5%-
20% gradientgel; PanelsAand B, 131I
B72.3in pre-studyserum (Lane1)and
serum samples drawn at 5 mm (Lane
2), 1 hr (Lane 3), 2 hr (Lane 4), 3 hr
(Lane5), 24 hr (Lane6), 48 hr (lane7)
and 72 hr (Lane8) after MAb adminis
tration.PanelsC and D, 131I-B72.3in
PBS (Lane 1) and in the pre-study
serum (Lane 2). Serum was drawn at
5 mm (Lane 3), 30 mm (Lane 4), 2
hr (Lane5), 4 hr (Lane6), and 24 hr
(Lane7).
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observed in several patients in which a large proportion
of the radioactivity was detected in the column void
volume. In Patient CP (Fig. 4C), -@.-56%of the â€œIwas
detected in the void volume.

The shift toward the higher molecular entities may
be due to either the formation of immune complexes,
either antigen-antibody or antibody-antibody, or awe
gation of the IgG. The presence of circulating immune
complexes was compared to the levels of circulating
TAG-72 as measured by the CA 72-4 assay (Table 1).
There appears to be a correlation between the formation
of immune complexes and the presence of elevated
levels (i.e., l6 U/ml) of serum TAG-72. The presence
of â€œI-B72.3 IgG in complexes, however, does not
appear to lead to a sequestration of the complexes that
results in the alterations ofthe clearance ofthe antibody
from the plasma. Patients ML, HB, and CP with TAG
72 levels of 16, 67, and 838 U/ml, respectively, whose
sera had 11.5%, 24% and 56% ofthe radiolabeled B72.3
in complexes, all cleared 70%â€”80% of the â€˜31I-labeled
B72.3 by 96 hr (Fig. 5). This is similarto the average
clearance ofthe MAb from the blood ofall the patients
studied (Fig. 5, solid line).

The formation of immune complexes was also visu
alized by autoradiography of the SDS-polyacrylamide
gels of serum samples from Patient HL. Under nonre
ducing conditions (Fig. 3C), there is a significant de
crease in the migration of the 13'I-labeled B72.3. The
30-mm, 2-hr, and 4-hr sera exhibit a wide range of
indistinct bands, some ofwhich barely entered the 3%â€”
15% gradient gel. By 24 hr, the broad range of bands is
no longer apparent and a single, higher molecular
weight entity is observed. Formation of immune com
plexes is very rapid, as evidenced by the formation of a
high molecular weight entity when â€œI-B72.3is added
to the pre-study sera just prior to loading of the poly

TABLE 1
HPLCAnalysisof ImmuneComplexesin PatientSerum

versusCirculatingAntigenLevels
Serum % MAb in TAG-72

Patient immunecomplexes (U/mI)

838
211
78
67
57
33
19
16

weight than IgG which was detected in the column void 2
volume (Fig. 4B). The alteration in the retention time 2
of radiolabeled B72.3 on the columns was observed at 3
the early time points and remained consistent through- _______
out the time points analyzed. In the case of Patient RC .@ percentageof 1311-B72.3in immunecomplexeswas de
(Fig. 4B), an increase in the free â€œIwas also observed terminedbydividingthe cpmassociatedwiththe voidvolumeby
at the 24-hr time point. An additional pattern was@ totalcixndetectedtimes100.
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FIGURE4
HPLCanalysisof 131I-B72.3lgGin patientsera.Serumsam
piesdrawnat varioustime pointswere appliedto a TSK-2000
andTSK-3000columnintandemarrangement.Fractionswere
collectedandthe 1311measuredin a gammascintillationcoun
ter. Serum samples from patients BB (A),AC (B), and CP (C)
weredrawnat 30 mm(U),1 hr (0), 2 hr (â€¢),4 hr (Li),24 hr
(A), and 96 hr (V). Iodine-i 31 -B72.3 IgG in 0.2 M sodium

phosphate,pH6.8(0), or in pre-studyserum(C)wereused
as standards.
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Developmentof Anti-mouselgG Antibody
Twenty-five of the patients were evaluated for the

development of anti-mouse IgG antibodies (HAMA)
using a solid-phase sandwich MA as described in Ma
terials and Methods. The antibody titer was calculated
by determining the titer obtained at a given number of
counts bound and normalizing that value to a standard
serum that is positive for HAMA in order to minimize
interassay variability. Serial dilutions of serum samples
from patient PH clearly demonstrate a significant anti
mouse IgG antibody response (Fig. 6, inset). Through
out the 121-day period ofsampling post-MAb injection,
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. Levels of TAG-72 were determined in serum samples using

the CA 72-4AlA.Thesamplesweredrawnpriorto the adminis
tratioriof â€˜31l-B72.3lgG.
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FIGURE5
Plasmaclearanceof131l-labeledMAbB72.3.Plasmaclearance
was determinedby gammascintillationcountingof plasma
samplesobtainedat varioustimes post-injectionand normal
ized for the patients' estimated plasma volume. Values are
given for patient ML (â€¢),HB (0), and CP (0) along with the
averagepercent injecteddose of the patients(solidline).

TABLE2
Correlation of TAG-72 Serum Levels with

Radioimmunodetection of Tumor by Intravenously
Administered131l-B72.3lgG

0 20 40 60 80 100

acrylamide gel (Fig. 3C; Lane 2). Disruption by f3-
mercaptoethanol (Fig. 3D) reveals that the antibody
retains its integrity, both the heavy and light chain are
evident and appear intact.

Analysisof TAG-72 SerumLevels
All patients' pre-study sera were tested for TAG-72

antigen levels using the CA 72-4 assay. A correlation
(Pearson's correlation coefficient = 0.77 1) was found
between the presence of elevated TAG-72 and the pos
itive detection oflesions by gamma scanning (Table 2).
Of 14 patients with positive scans, 13 patients had
serum TAG-72 levels 14 U/ml. In only two patients
with serum TAG-72 levels of over 14 U/ml (16 and 22
U/ml) were the scans negative (16).

0

FIGURE6
Developmentof anti-mouselgG antibodyin patientsfollowing
i.v. administrationof MAb B72.3. Sera drawn prior to and at
variousintervalspostinjectionof MAb B72.3 from patientsHF
(0), DF (â€¢),BB (0), AS (U), and EL (E,@)were screened using
the sandwich AlA in Materials and Methods. The patients
received19.24,0.27, 1.36, 1.08, and 3.7 mg, respectively,of
131I-labeledMAb B72.3. The antibody titer was calculatedby
determiningthe titer obtained at 2000 cpm and normalizing
that valueto a controlsarapositivefor HAMAto minimize
differencesdueto interassayvariability.Inset:Titrationof anti
mouseIgG.Sarafrom a patient(PH),who receivedan i.v.
doseofMAbB72.3(19.7mg),werescreenedforthepresence
of HAMA using the sandwichAlA describedin Materialsand
Methods.The sera tested were drawn prior to the study (0);
3 days,(â€¢);6 days,(A);42days,(0); 58days,(); 91days,
(i@);and 121 days, (Y)postinjectionof MAb B72.3.
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Antibody Response ofTABLE
3

Patients ReceivingMAbB72.3MAb

doseTotalno.ofAnti-Mouse

lgG
Antibodj%(mg)patients++

+ Â±â€”Positivet

rine MAbs have also been reported (3,19â€”24);however,
a few studies have focused on the in vivo fate of a
monoclonal antibody (3,24,28,29). The current study
presents a detailed examination of the integrity and
immunoreactivity of MAb B72.3 post-administration
to colorectal carcinoma patients. In addition, this study
presents an analysis of immune complex formation
which can be ofantibody-antibody or antibody-antigen
composition. In the present study, the level of immu
noreactive antibody was determined in patient sera
using a solid-phase MA. Comparing the patients who
received the highest level of MAb B72.3, when the level
of immunoreactive antibody was normalized to the
serum drawn at 5 mm postinjection, the clearance of
the immunoreactive antibody was similar to that of the
â€œI-B72.3(Fig. 2). Differences in the serum level of the
detectable immunoreactive MAb among patients re
ceiving similar doses (Fig. 1) could be due to: (a) differ
ences in the plasma volumes; (b) the presence of circu
lating TAG-72 with which MAb B72.3 reacts; or (c)
differences in tumor burden. The formation of immune
complexes, i.e., the interaction of MAb B72.3 with the
circulating antigen, could prevent the detection of B72.3
in patient scm by the solid-phase RIA. The percentage
ofthe B72.3 IgG in circulating immune complexes was
found to remain constant in patients as measured by
HPLC, therefore a consistent proportion of the immu
noreactive MAb would be present in these complexes.

The comparable clearance patterns of the immuno
reactive MAb and the â€˜311-B72.3suggest that the radio
nuclide is remaining in association with the MAb in
serum following i.v. administration to patients. Similar
results have been observed in patients following i.p.
administration of â€œI-B72.3.This is further supported
by the HPLC analysis (Fig. 4) and autoradiography of
the SDS-PAGE (Fig. 3). Both reveal that the radioactiv
ity remains in association with the IgG fraction. In most
cases, very little free â€œI-labeled fragments are detected
with the exception of Patient RC (Fig. 4B) where 4%â€”
22% of the radiolabel migrated as free â€˜â€˜i.This does
not preclude, however, the possibility that degradation
of MAb B72.3 is occurring. Degradation products or
free â€˜@â€˜imay not be detected due to rapid clearance
from the circulation.

Two approaches have been employed for the detec
tion of HAMA. The first implements heavy chain spe
cific (@iand @y)reagents for the detection ofthe patients'
antibody. This approach is restricted by the necessity
of diluting the patient serum (1:10 or 1:100) to mini
mize nonspecific interactions of the serum with the
assay components. The second approach, and the one
used in this study, has been to use the same MAb as
antigen and detecting reagent. This approach has al
lowed us to test for the presence of HAMA using
undiluted sera with minimal background activity allow
ing the detection ofearly and low titer (<10) responses.

. Serum samples, 14â€”21 days post-administration of MAb

B72.3,were assayedfor the presenceof antibodiesto munne
lgGas describedin Materialsand Methods.

t Percentage of patients scored as + or ++.

the HAMA displays a steady increase in titer. In fact,
by 121 days, the HAMA titer is 14,000. It is worth
noting that this steady increase in titer is probably not
due to the antigen stimulation through the persistence
of B72.3 IgG, since 60%â€”70%ofthe B72.3 has cleared
from the serum by 72 hr (Fig. 2).

Figure 6 illustrates a number of patterns of HAMA
responses that have been observed in patients. In gen
eral, MAb B72.3 IgO elicits an antibody response in
patients that is first detectable at â€˜@-5â€”7days post-MAb
injection. Patient HF presented with an antibody titer
of 95 by 20 days, while Patient RS's HAMA response
appears to have plateaued after reaching a titer of 10.
This pattern may be more consistent with an 1gM
response and requires further evaluation. Most of the
patients that developed HAMA had patterns similar to
those of Patients DF, BB and EL, whose antibody titers
ranged from 25 to 52. Within the MAb dose ranges
specified (Table 3), there appears to be a correlation
between HAMA titer and the higher doses of MAb
B72.3 administered.

There also appears to be a correlation between the
dose of MAb B72.3 and the percentage of patients that
are positive for HAMA (Table 3). At the 0. 15-0.8-mg
dose range, only two (20%) ofthe patients scored posi
tive for HAMA. The frequency ofHAMA development
after administration of >0.8 mg of B72.3 IgG is statis
tically significant as compared to patients who received
0. 15-0.8 mg (p = 0.007, Student's t-test). In the group
of patients that received 0.8-1.5 and 3.7-20 mg, 75%
and 7 1%, respectively, were positive for HAMA. This
demonstrates that a dose threshold may exist before a
host antibody response is induced by MAb B72.3 IgG.
Patients that received doses greater than 3.7 mg gener
ally had higher HAMA titers than patients who received
lower doses.

DISCUSSION

Numerous studies have demonstrated the utilization
of MAbs for the localization of human malignancies
(1â€”18).The pharmacokinetics of several of these mu

7 4 1 0 2 71
8 0 6 0 2 75

10 0 2 2 6 20

3.7â€”20
0.8â€”1.5

0.15â€”0.8
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Patients, e.g. Patient RS (Fig. 6, closed squares), whose
titer remained very low, would not have been detected
if the sera had to be diluted for the assay. Since many
investigators (42â€”44)begin with diluted scm, the devel
opment and the frequency of a patient's response to a
monoclonal antibody may actually be higher than pre
viously reported. The presence of anti-mouse immu
noglobulin antibodies have been associated with dimin
ished MAb localization with subsequent injections of
the MAb (18,29,45). However, it has also been reported
that an immune response does not always prevent the
localization of MAb to the tumor (29,42).

Detection of HAMA using the sandwich MA is lim
ited by the presence of circulating tumor-associated
antigens found in the scm of a high proportion of
patients (47â€”50)and many ofthese antigens have been
shown to be multideterminant. False-positive results
would occur if the administered MAb was used in the
HAMA RIA. To use a monoclonal antibody in the
assay other than the injected MAb would result in not
detecting a subset of the anti-mouse immunoglobulin
antibody, i.e., anti-idiotypic antibodies. Anti-idiotypic
responses have been reported in chronic T-cell leukemia
(43) and melanoma patients (44). Koprowski et al. (51)
attributed the favorable response of a patient receiving
MAb 17-lA to the development of an anti-idiotypic
response. Further studies are needed to determine
whether the anti-idiotypic response to an injected
monoclonal antibody is beneficial or detrimental.

None ofthe patients in the present study had detect
able levels of pre-existing anti-mouse immunoglobulin
antibodies. This is in contrast to the report of Schroff
et al. (42) and Courtenay-Luck et al. (44) who have
reported that some patients had detectable levels anti
mouse immunoglobulin antibodies before treatment
with a MAb. This may be due to: (a) rheumatoid factors
(52); (b) prior exposure of selected populations to mu
rine tissue; or (c) an artifact of their detection method.
Further studies should be performed to evaluate these
possibilities.

When evaluating the patients' response to adminis
tered MAb B72.3, it was determined that HAMA was
first detectable at 5â€”7days following injection of the
antibody (Fig. 6). An antibody response within one
week of MAb injection has also been noted by other
investigators (29). Several patterns of HAMA response
were observed: (a) in some patients, the HAMA reached
high titers within a short period of time; (b) other
patients display an increase with time, however they do
not reach the level seen with the first group; and (c) a
patient's response may plateau at a relatively low titer.
These different patterns may reflect differences ex
pected from IgG and 1gM responses. The response
patterns of patients do not seem to correlate with the

dose of antibody. There does appear, however, to be a
correlation between the dose given to a patient and the

frequency of an anti-mouse immunoglobulin response
and the titer obtained. A higher frequency of a HAMA
response has also been observed in a limited number of
patients who have received MAb B72.3 by i.p. injection.

In general, investigators have approached the assess
ment of the levels of circulating MAb by two methods.
When administering a radiolabeled MAb to a patient,
immunoreactivity is usually analyzed by incubating the
patient sera with the antigen the monoclonal antibody
recognizes and measuring the radioactivity bound, how
ever this method assesses the immunoreactivity of only
the subset of MAb that carries the radionucide. The
second approach has been to analyze patient sera for
total circulating murine IgG (18â€”19,22â€”23).We have
chosen to measure the total level of circulating immu
noreactive MAb and compared it to the levels of â€œI-
B72.3.

Three profile patterns were observed by the HPLC
analysis (Fig. 4). In the majority of the patients, the
radiolabel eluted with a retention time consistent with
that of IgG. In other patients, a small percent of the
radioactivity eluted in the void volume, while with
others, a large proportion of the radioactivity was as
sociated with the void volume, suggesting the formation
of immune complexes or aggregationof the MAb. The
formation of this higher molecular weight entity corre
lates with elevated antigen levels in patient sera, sug
gesting that antigen-antibody complexes are forming.
Other investigators have also observed altered migration
of MAbs using column chromatography that was due
to either antigen-antibody (1,24) or antibody-antibody
(30) complex formation. Mach et al. (1) found that the
formation and degree of immune complexes correlated
with the level of carcinoembryonic antigen (CEA) de
tected in the sera of patients. On the other hand, Hna
towich Ctal. (24) have demonstrated immune complex
formation with MAb OC125 in the presence of antigen
(CA 125), however, it did not correlate with the level
of circulating antigen. We have found that immune
complex formation occurs rapidly, as evidenced by its
presence in the earliest sera drawn and remained con
stant for a given patient in the sera drawn at all times
tested (up to 4 days). These complexes were detected
both by HPLC and SDS-PAGE analysis. Interestingly,
the presence of the immune complexes did not appear
to alter the clearance pattern of the MAb (Fig. 5).
Furthermore, the presence of immune complexes does
not appear to interfere with the binding of MAb B72.3
to tumor. In similar studies with patients receiving 1311..
B72.3 by an i.p. route, circulating immune complexes
have also been detected.

It was also of interest that the elevated serum TAG
72 levels correlated with the obtaining ofa positive scan
(Pearson'scorrelation coefficient = 0.77 1). Positive 1ev
els of serum TAG-72 (>4.0 U/ml) have been demon
strated in 25%, 35%, 50%, 38%, 29%, and 60% of
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patients with primary carcinomas of the esophagus,
stomach, colorectum, pancreas, breast and ovary, re
spectively (53). In those with recurrent disease, the
percentage of patients with positive serum TAG-72
levels was higher (53). Therefore, TAG-72 may be
clinically useful as a tumor marker for the monitoring
of carcinoma patients. In view of the positive correla
tion with obtaining positive scan results, the level of
serum TAG-72 may also serve as a criteria for the
consideration of a patient for either diagnostic or ther
apeutic studies with MAb B72.3.

This study and others have demonstrated that a
significant percentage ofpatients develop an anti-mouse
immunoglobulin response following administration of
a murine MAb (1,8,9,29,42-44). The problem of im
munogenicity may be reduced through the use of frag
ments of MAbs, recombinant/chimeric MAbs, or hu
man MAbs. A lower immunogenicity would permit
multiple injections which in turn would expand the
diagnostic usefulness of a monoclonal antibody. It
would also permit fractionation of doses for radioim
munotherapy, which may be required for limiting tox
icity to normal tissues. Recombinant/chimeric MAbs
offer the advantage of tailoring the MAb for a specific
application. Constructs with different heavy chain se
quences, altered sequences or deleted heavy chain se
quences can be generated.In this manner, a MAb might
be produced with particular pharmacokinetic charac
teristics, or, for mediating different effector cell func
tions.
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